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INTRODUCTION 

The Advanced Integrated Life  Support System (AILSS) was based 
on the  assumption t h a t  1980 design and fabr ica t ion  techniques w i l l  
reduce vehicle cabin leakage t o  a r a t e  of one pound per day. Never- 
theless ,  consideration of higher lealrage r a t e s  w~i l ld  broaden the  
scope and usefulness of the AILSS study. Accordingly, t h i s  supple- 
mentary study discusses the  influence of cabin leakage on the AILSS, 

Leakage r a t e  obviously a f f ec t s  the  oxygen and nitrogen storage 
system, which is  designed t o  provide gas f o r  cabin leakage makeup 
a s  well  f o r  repressuri%ation,  Leakage a l so  has a strong influence 
on the  oxygen generation sub sys tem, where var ia t ions  of the  Sabat ier  
process become a t t r ac t i ve ,  and on the water management subsystem, 
where closed cycle a i r  evaporation becomes a more serious competitor. 
The influence of leakage on the atmospheric conLamination control  
system must a l so  be studied. Leakage would appear unrelated t o  waste 
control, but  generation of oxygen by e l ec t ro ly s i s  of water recovered 
from food wastes nay be valuable. Other EC/LS subsystems a re  no t  
g rea t ly  influenced by leakage ra te ,  

The influence of leakage on oxygen generation i s  most corn?lex, 
because hydrogen obtained from clecomposition of oxygen or  nitrogen- 
containing chemicals may be used i n  a Sabat ier  reactor  f o r  carbon 
dioxide reduction. T i i s  necessita.tes expanding the  scope of the  

eneration of oxygen an 
generation is the only 

AILSS a rea  where leakage r a t e  has a d r a s t i c  impact on concept se lect ion,  
it is considered at  greater  length than other  topics  i n  t h i s  discussion, 
This subject  i s  a l so  of pa r t i cu l a r  i n t e r e s t ,  because some of the 
a l t e rna t ives  described mwform the  bas i s  f o r  e a r l i e r  l i f e  support 
systems. 

Conclusions regarding subsystem select ion are  indicated i n  f igure  1, 
which shows the  inf luence of leakage r a t e  on AILSS concept selections.  
Here and throughout t h i s  report ,  *leakage r a t e u  denotes t o t a l  vehic le  
leakage t o  space, including both oxygen and nitrogen. In g?neral, the 
leakage range considered is  su f f i c i en t  t o  determine the  equivalent weight 
impact f o r  any reasonable leakage ra te .  

The AILSS schematic, which forms the basis  f o r  t h i s  study, i s  
shown i n  f igure  2, 
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OXYGEN AND NITRWJEN STORAGE 

In  the  AILSS, where leakage makeup i s  supplied so le ly  f r o a  s to red  
gases because oxygen leakage i s  much lower than oxygen metabolic 
consumption, vehic le  leakage increases a f f e c t  oxygen and nitrogen 
storage more d i r e c t l y  than any other subsystem. Oxygen and nitrogen 
quan t i t i es  f o r  leakage makeup a.re d i r e c t l y  proportional  t o  the leakage 
ra te .  Moreover, t he  weight of the high-pressure, filament-wound 
storage tanks is  a lso  proportional t o  leakage r a t e  ( a s  well a s  mission 
duration),  because tank s i ze  i s  l imi ted  by t he  s t r e s s  level ,  and more 
leakage means more tanks. The e f f e c t  of leakage r a t e  on weight of the  
oxygen and nitrogen storage subsystem i s  shown i n  f igure  3o This 
conclusion, however, applies t o  an independent leakage makeup system, 

When leakage makeup gas requirements a r e  i n  tegrated with rnetabolic 
oxygen supply requirements, decomposition of stored chemicals t o  supply 
oxygen and nitrogen may be used ins tead of stored,  gaseous oxygen and 
nitrogen. This pos s ib i l i t y  i s  considered l a t e r ,  i n  the oxygen genera- 
t i on  sect ion of t h i s  report. In  t h e  AIESS study, subc r i t i c a l  and 
supe rc r i t i c a l  cryogenic storage competed most closely with high pressure 
storage. With increasing leakage ra te ,  the  r e l a t i v e  equivalent weights 
of these concepts do not change s ign i f ican t ly ,  and so the  tradeoff 
conclusions yemain the  same. The increase i n  cryogen usage r a t e  does 
permit a d r a s t i c  decrease i n  r e l a t i ve  insu la t ion  weight f o r  subc r i t i c a l  
cryogenic s torageo However, the  corresponding e f f e c t  on t o t d  storage 
weight is  small, increasing the  weight advantage of subc r i t i c a l  cryogenic 
storage from about s i x  percent t o  only about e igh t  percent a t  a leakage 
r a t e  of 30 gounds per  day. Even i f  t h i s  difference were considered 
s ign i f ican t ,  high pressure gaseous storage would s t i l l  be se lected 
because of i ts  super ior  r e l i a b i l i t y  and crew t i n e  charac te r i s t i cs ,  

High pressure gaseous storage of oxygen and nitrogen is, therefore,  
s t i l l  the  be s t  gas supply method regardless of leakage ra te ,  Use of 
chemicals t h a t  must be decomposed f o r  gas generation remains uncornpeti- 
Live unless in tegrated in to  a Sabat ier  oxygen generation subsystem. 



Figure 3. - Oxygen and Nitrogen Storage for Leakage Malseup 

5 



OXYGEN GENERATION 

choice over the baslc s o l i d  e lec t ro ly te  concept fo r  leakage r a t e s  
above 12 pounds per  day, A t  lower leakage ra tes ,  the  s o l i d  e l ec t ro ly t e  
concept has a s ign i f ican t  weight advantage and is,  therefore,  selected.@ 
This conclusion i s  va l i d  f o r  the AIESS conditions, summarized i n  table 1, 
and may not be j u s t i f i ab l e  f o r  d i f fe ren t  t o t a l  pressure, crew s i z e ,  e t c ,  
The appendix of t h i s  repor t  discusses other mission conditions, 

A t  leakage ra tes  below 22 pounds per day f o r  the  hydrazine version 
and 14 pounds per day f o r  the  ammonia version, the Sabatier-methane dump 
concept (with hydrazine o r  ammonia decomposition and stored oxygen) does 
the following : 

a,  Provides nitrogen f o r  leakage makeup by decomposition 
of stored hydrazine or ammonia 

b, Supplies oxygen f o r  leakege makeup and p a r t  of the  metabolic 
requirement from high-pressure, gaseous, stored oxygen 

c. Reclaims addit ional  metabolic oxygen by reduction of 
p a r t  of the col lected carbon dioxide 

d, Dumps unreacted carbon dioxide t o  space d o n g  with the 
byproduc t me thane 

A t  higher leakage ra.tes, a l l  carbon dioxide i s  rea.cted, and t h i s  Sabat ier  
concept does the following, 

a ,  Provides nitrogen f o r  leakage makeup by decomposition of 
s to red  hydrazine o r  ammonia 

b. Supplies oxygen f o r  ledcage makeup from high-pressure, 
gaseous, stored oxygen 

c, Reduces a l l  of the col lected carbon dioxide f o r  generation 
of metabolic oxygen 

The ammonia version of t h i s  Sabatier-methane dump-oxygen storage concept 
is  preferred f o r  leakage r a t e s  between 12 and 1 7  pounds per day because 
of i t s  lower equivalent weight, The hydrazine decomposiLion version i s  



TABLE 1, - AILSS Conditions 

Operational period 
Mission duration 

0 to  1 

Crew Model 

Number of crewmen 
Metabolic ac t iv i ty  
Vehicle volume 

Atmosphere Model 

Nominal cabin pressure 
Gas composition 

Relative humidity 

Power Model Designs 

Electr ical  source Solar c e l l  Solar c e l l  

Process heat source Electr ical  Radioisotope Power sys tern 
energy waste heat 

M a x i m  heat source 

l e c t r i c a l  power 



preferred f o r  leakage r a t e s  of more than 17 pounds per day because 
of i t s  lower equivalent weight and/or lower expendable storage volume, 
I n  the  leakage range where these Sabat ier  concepts are  competitive (above 
12 pounds per  day), their outstanding q u a l i t i e s  a re  low scheduled 
crew time and low equivalent weight. Another Sabat ier  concept, which 
provides oxygen by e l ec t ro ly s i s  of s to red  water and nitrogen by 
hydrazine decomposition, has a very competitive equivalent weight 
at leakage r a t e s  above seven pounds per  day-, but  i t s  predicted f a i l u r e  
r a t e  i s  excessive i n  t h i s  range, 

In  the  Advanced Integrated L i f e  Support System selected f o r  a leakage 
r a t e  of one pound per  day, the  oxygen and nitrogen storage subsystem 
supplied leakage makeup from s to red  gases, and an independent oxygen 
generation subsystem ( s o l i d  e l ec t ro ly t e )  supplied the metabolic oxygen 
requirement , For leakage makeup, gas supplied by decomposi t ion  of 
s tored l i qu id s  such as  water or  hydrazine was unat t ract ive  pa r t l y  because 
the  hydrogen byproduct was wasted, For oxygen generation, the  Sabatier-  
methane dump concept was una t t rac t ive  mainly because of the weight 
associated with t he  s tored hydrogen. These two f a c t s  suggest in tegra t ion  
of oxygen and nitrogen storage with oxygen generation, but  t h i s  is  not  
p r ac t i c a l  at  the  low AILSS leakage r a t e  because the  hydrogen by-product 
is s u f f i c i e n t  only t o  reduce a f rac t ion  of t he  col lected carbon dioxide. 

I f  the  cabin leakage r a t e  has the  same order-of-magnitude as the 
metabolic oxygen consumption ra te ,  however, the  hydrogen byproduct from 
l i q u i d  decomposition may be used i n  a Sabat ier  reaction, and t h i s  
el iminates the need f o r  s tored hydrogen, Figure 4 shows a s impl i f ied 

hydrogen. The quanti ty of hydrogen generated is  jus t  su f f i c i en t  t o  
reduce all of the  carbon dioxide, and the  oxgyen generated i s  j u s t  s u f f i -  
c i e n t  t o  supply both t he  metabolic oxygen requirement and the oxygen 
leakage makeup requirement. 

Decomposition of l i qu id s  other than water may be considered, Some 
of t he  more p r ac t i c a l  a l t e rna t ives  a r e  included in the following l i s t  
and i n  f igure  5 ,  

Oxygen-Containing Nitrogen-Containing 

OWgen - 02 Nitrogen - N2 
Water - Hz0 Hydrasine - NZHb 

Hydrogen peroxide - H202 Ammonia - WH3 

Nitrogen te t roxide - N204 Nitrogen te t roxide - N204 
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Any combination of an oxygen-containing compound and a nitrogen- 
containing compound used with a Sabatier-methane dump oxygen genera- 
t i on  system w i l l  supply oxygen f o r  metabolic consumption, oxygen 
f o r  leakage makeup, and nitrogen f o r  leakage makeup, The a t t r a c t i -  
veness of such combiaations w i l l  be determined l a t e r  i n  t h i s  s ec t i on  
by comparing then with each other  and with the se lected low-leakage 
combination of high pressure oxygen and n i t rogenanda  so l i d  e lec t ro -  
l y t e  oxygen generation un i t ,  

F i r s t ,  consider the general m a t e r i d s  balance, Figure 4 repre- 
sented a per fec t  balance between oxygen leakage and metabolic oxygen 
consumption, Water decomposition generated j u s t  enough hydrogen t o  
reduce a l l  of the carbon dioxide. A t  higher or  lower leakage ra tes ,  
t h i s  balance i s  upset, although the  advantage of e l in ina t ion  of s to red  
hydrogen i s  retained,  A t  higher leakage ra tes ,  more water must be 
decomposed f o r  oxygen leakage makeup, and t h e  excess hydrogen from 
t h i s  addi t ional  water must be dumped t o  space and represents a penalty, 
A t  lower leakage ra tes ,  hydrogen generated by water decomposition is  
in su f f i c i en t  t o  redace all of the  carbon dioxide, and excess carbon 
dioxide must be dumped t o  space and represents a penalty, The same 
reasoning appl ies  when a d i f f e r en t  hydrogen-oxygen compound is decom- 
posed o r  when a hydrogen-nitrogen compound i s  decomposed, An addi t ional  
element i n  the  AILSS materials  balance i s  the  1.8 pounds per  day of 

water avai lable  f o r  decomposition t o  provide hydrogen and p a r t  
of t h e  oxygen requirement, This water excess appears i n  t he  overa l l  
water management materials  balance and i t s  source may be regarded a s  
metabolic oxidation of hydrogen i n  the food, 

Although the  Bosch concept f o r  carbon dioxide reduction uses 
hydrogen, i t  is e s sen t i a l l y  a closed h o p  process and does not require 
an external  source of hydrogen, Thus, i t s  evaluation r e l a t i v e  t o  the  
so l i d  e l ec t ro ly t e  concept i s  not influenced by leakage ra te ,  and the  
Bosch concept need not be considered i n  t h i s  study, 

The mmainder of t h i s  sect ion describes the  var ia t ions  on the 
Sabatier-methme dump concept and compares them with the  s o l i d  e lec t ro -  
l y t e  concept, The bas i s  f o r  the  oxygen generation concept se lec t ion  
conclusion s t a t e d  a t  the beginning of the  sect ion is presented, For 
a meaningful comparison, the  systems discussed here provide both oxygen 
and nitrogen leakage makeup, as well as  metabolic oxygen. For consistency 
with the AILSS Final  Report, these systems include carbon dioxide 
concentration, In  the discussion, t he  concepts are grouped f o r  convenience, 

Concept Descriptions 

The basic  s o l i d  e lec t ro ly te  and Sabatier-methane dump concepts were 
described thoroughly i n  the  AILSS Final  Report. The only di f ference 



i n  these basic  concepts at other leakage r a t e s  i s  t h a t  t h e  oxygen and 
nitrogen tanks vary i n  s ize ,  according t o  the  leakage ra te .  The 
addi t ional  Sabatier-methme dump concepts t o  be considered he-re 
(including the  basic oxygen-nitrogen-hydrogen concept considered i n  
t he  AKSS Final  ~ e p o r t )  a re  l i s t e d  below. The oxygen and nitrogen 
are  stored as high pressure gases. 

Oxygen storage concepts 

Oxygen + hydrazine 
Qxygen + ammonia 
Oxygen + nitrogen-hydrogen 

Water decomposition concepts 

Water + nitrogen 
Water + hydrazine 
Water + ammonia 

Hydrogen peroxide concepts 

Hydrogen peroxide + nitrogen 
Hydrogen peroxide + hydrazine 
Hydrogen peroxide 9 ammonia 

Nitrogen te t roxide concepts 

Nitrogen te t roxide -+ h y d r a ~ i n e  
Nitrogen te t roxide - decomposition 

. - Oxygen storage versions of the Sabatier- 
methane dump concept a l l  s t o r e  oxygen i n  pure form, as  a high pressure 
gas. The oxygen-nitrogen-hydrogen combination is  t h e  ba.sic Sabat ier  
concept considered i n  t he  AILSS Final  Report. 

The oxygen-hydrazine combination provides nitrogen f o r  leakage 
makeup by decomposition of l i qu id  hydrazine (N2~4).  A s  shown i n  f igure  6, 
l i q u i d  hydrazine i s  vaporized and decomposed as  it passes through a 
ca t a ly t i c  reactor ,  Pure hydrogen is  separated from the  product mixture 
by a silver-palladium separator, and i t  i s  f ed  t o  the Sabat ier  reactor  
f o r  carbon dioxide reduction. The remaining mixture contains nitrogen, 
unseparated hydrogen, and t r ace s  of ammonia, It is  added t o  the  feed of 
the  cabin ca t a ly t i c  oxidizer, where the  hydrogen i s  oxidized t o  water, 
the  aninonia is decomposed t o  nitrogen and hydrogen, and t he  nitrogen 
remains unreacted, The ca t a ly t i c  oxidizer e f f luen t  en te rs  the cabin 
atmosphere, Re l i ab i l i t y  of the  equipment shown is considered very good 
(although lower than t h a t  of stored, gaseous nitrogen) with a mean time 





between f a i l u r e s  estimated t o  be 61 900 hours, Safety i s  only f a i r ,  
with hydrmine and amnonia both presenting a potent ia l  explosive and 
toxic  hazard. The process is  undeveloped f o r  l i f e  support, but  
development of similm b d r a z i n e  decomposition processes f o r  monopro- 
pe l l an t  engines and gas generators is  advanced, The version described 
here is  considered typical ,  although an eleetrochemicd hydrazine 
decomposition process i s  under development, 

Tlae t h i r d  combination, oxygen-aaonia, i s  very s imilar  t o  the  
oxygen-hydrazine combination jus t  described. The main d i f femnces  are 
t h a t  ammonia contains more hydrogen per  pound and t ha t  the amonia  
decomposition reaction is  endothermic, requiring considerable t h e m d  
power. 

, - Water decomposition concepts a l l  
s t o r e  oxygen i n  the form of water, which is  electolyzed t o  re lease  the 
oxygen and provide byproduct hydrogen f o r  the Sabatier  reaction,  The 
water-nitrogen combination was described e a r l i e r  i n  t h i s  report .  Its 
equipment i s  similar t o  t ha t  of the  basic  Sabat ier  concept (although 
s i z e  va r i e s  with leakage r a t e ) ,  bu t  some carbon dioxide i s  dumped with 
the  methane a t  leakage r a t e s  below 23 pounds per  day. This concept 
has the unfortunate cha rac t e r i s t i c  t h a t  f a i l u r e  r a t e  increases s igni-  
f i c a n t l y  as leakage r a t e  increases, because of the  addit ional  e lec t ro -  
l y s i s  modules required, The water-hydra7,ine combination i s  s im i l a r  
t o  the  oxygen-hydrazine combination, described previously, except f o r  
t he  di f ferences  jus t  noted, The water and hydrazine do not i n t e r a c t ,  
The water-ammonia combination i s  s imi la r  t o  the water-hydrazine combi- 
nation except, as before, the  ammonia contains more hydrogen and 
requires  them& powe 

, - Hydrogen peroxide concepts a19 s to r e  
oxygen i n  the  form of hydrogen peroxide (H202), which mqy be regarded 
a s  oxygenated water, when it passes through a- ca ta ly t ic -  reactor ,  it 
breaks down t o  form water m d  oxygen, The hydrogen peroxide-nitrogen 
combination i s  described i n  the oxygen and nitrogen storage sec t ion  of 
t h e  AmSS Final  Report, The only di f ference here i s  t h a t  hydrogen 
resu l t ing  from e lec t ro lys i s  of the  product water i s  used f o r  carbon 
dioxide reduction i n  a Sabatier  reactor ,  With regard t o  carbon 
dioxide reduction, charac te r i s t i cs  of t h i s  combination are  s imi l a r  t o  
those of water-nitrogen, The hydrogen peroxide-hydrazine co;nbination 
is d i f f e r en t  . Here the hydrogen peroxide (oxygen-containing ) and the 
hydrazine (nitrogen-containing) are  reacted together over a c a t d y s t ,  
The process i s  very s imilar  t o  the  nitrogen tekroxide-hydrazine concept 
discussed under the  next heading, The charac te r i s t i cs  of the  hydssgen 
peroxide-ammonia combination a r e  a l so  s imilar ,  



, - The nitrogen tetroxide-hydrazine 
combination is discuss& i n  deta.il i n  the oxygen and nitrogen storage 
sect ion of the AILSS Final Report, The two l i qu id s  reac t  t o  form 
nitrogen, oxygen, and water, which i s  electrolyzed t o  provide addi t ional  
oxygen and hydrogen f o r  carbon dioxide reduction. Simple decomposition 
of nitrogen te t roxide alone is  an a l t e rna t ive  t ha t  is  not considered 
fu r ther ,  This decomposition react ion yields twice as m c h  oxygen as 
nitrogen, whereas makeup f o r  cabin leakage a t  the AILSS nominal operating 
pressure of 7 ps i a  requires approximately equal quan t i t i es  of the  two 
gases. Thus, the oxygen-nitrogen r a t i o  f o r  t h i s  process i s  unsuitable 
f o r  the AILSS, no hydrogen is  generated, and t he  concept has no t  
previously been considered f c r  l i f e  support. Nitrous oxide ( ~ ~ 0  ) decompo- 
s i t i o n  has been considered b r i e f l y  f o r  l i f e  support, but  no development 
work has been done, and disadvantages are  s imilar  t o  those of nitrogen 
te t roxide decomposition. 

Concept Comparison 

Comparison of t he  Sabat ier  var ia t ions  j u s t  described among them- 
selves,  and then with the  s o l i d  e lec t ro ly te  concept, r e su l t s  i n  se lec t ion  
of oxygen generation concepts as a function of vmious  leakage r a t e s ,  
The i n i t i a l  comparj-sons comprise a screening of the  candidates on an 
equivalent weight bas is ,  The f i n a l  comparison considers a l l  of the  
AILSS se lec t ion  c r i t e r i a .  

Candidate concepts a r e  grouped fo r  convenience, a.s described e a r l i e r ,  
s f o r  each group a r e  presented graphi- 

These graphs show var ia t ion  of equivalent  
weight difference from a baseline member of the  group as a funct ion of 
leakage ra te .  Absolute weights a r e  indicated by boundaries representing 
1 0  percent var ia t ion  from the  equivalent weight of the  baseline concept, 
I n  general,  but  not  in each instance, the  equivalent weight l i n e s  have 
two discont inui t ies .  The f i r s t  represents a leakage r a t e  a t  which a l l  
col lected carbon dioxide can be reacted; below t h i s  point  carbon dioxide 
must be dumped t o  space, and beyond t h i s  point  excess hydrogen must be 
dumped t o  space, The second discont inui ty  i s  similar t o  the f i r s t ,  but 
t h i s  time it is  t he  baseline concept t h a t  ac tual ly  changes, and t h e  
change i s  r e f l ec t ed  i n  the  equivalent weight l i n e s  of the  other  candidates. 
For consistency, the baseline concepts are  those t h a t  most c lose ly  resemble 
the  AIESS. 

For reasons discussed ea r l i e r ,  a l l  of the  equivalent weights r e f l e c t  
the following elements: 

Storage of oxygen o r  oxygen-containing l i q u i d  
Storage of nitrogen o r  nitrogen-containing l iqu id  



Storage of hydrogen where not included i n  the  above 
Carbon dioxide concentration 
Carbon dioxide reduction 
Water e l ec t ro ly s i s  f o r  Sabat ier  concepts 
Decompositi.on of oxygen or  nitrogen-containing l i qu id s  

Weights of expendables were determined by a mater ia ls  balance, which 
i s  discussed fu r the r  i n  the  appendix. 

. - Figure 7 shows the  equivalent weight 
re la t ionships  within the oxygen storage candidates group, The oxygen- 
nitrogen-hydrogen (02-N2-H2) baseline combination is  e s s e n t i d l y  the 
basic  Sabatier-methane dump concept described i n  the AILSS Final  Report. 
A t  low leakage ra tes ,  t he  candidates providing nitrogen by l i qu id  
decomposition (02-N2H4 and 02-MW3) have high equivalent  weight, because 
the  hydrogen contained i n  these l i qu id s  i s  i n su f f i c i en t  t o  reduce s3L 
of t he  carbon dioxide, and gaseous oxygen must be s tored t o  make up f o r  
the  oxygen contained i n  the dumped carbon dioxide, Up t o  a leakage 
r a t e  of about 1 7  pounds per  day, anunonia decon~position shows a. small 
( r e l a t i v e l y )  advantage over hydramine deconiposition, This advantage 
r e s u l t s  from the  g r ea t e r  amount of hydrogen avai lable  f o r  carbon dioxide 
reduction, This s i t ua t i on  is, however, reversed beyond 17 pounds per 
day leakage, when the excess hydrogen must be dumped and i s ,  therefore,  
a weight penalty. Hydrazine decomposition i s  the bes t  overal l  candidate 
a t  subs tan t ia l  leakage ra tes ,  

, - A t  low leakage ra tes ,  non 
t i o n  concepts shown i n  f igure  8 provides hydrogen su f f i c i en t  

t o  prevent dumping carbon dioxide, A s  leakage r a t e  increases, however, 
t h e  hydramine and ammonia deconposition versions (H20--N2~4 a.nd H ~ O - N H ~ )  
provide hydrogen from both water and t he  nitrogen-containing l iquid .  
These two versions maintain the  same general re la t ionship  they did i n  
the  oxygen storage candidates, and hydrazine decomposition i s  again the  
be s t  overal l  choice, 

- Figure 9 shows the  equivalent weight 
re la t ionships  f o r  the  hydrogen peroxide group of candidates. The 
s i t ua t i on  i s  qua l i t a t ive ly  the  same as t ha t  f o r  water deconiposition, 
except t h a t  the nitrogen storage version (H202-N2) has t he  lowest weight 
f o r  leakage ra tes  above 35 pounds per day, Nevertheless, hydrazine f o r  
nitrogen makeup again represents the  bes t  overa l l  choice within the range 
considered, 

. - The previous comparisons a l l  
gen from hydrazine were t h e  most 

competitive overall ,  although ammonia. versions had somewhat lower 
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Figure 8, - Water Decomposition Concepts 
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equivalent weights f o r  some leakage ra tes ,  Consequently, f igure  10 
shows a l l  concepts involving hydrazine, including the  hydrazine- 
nitrogen te t roxide combination (M204-M2~~) not previously shown, This 
combination i s  unique in  t ha t  ni trogen is provided by both l i qu id s ,  
and the  resul t ing materials  balance i s  more f l ex ib l e  and complex than 
f o r  other combinations. Figure 9 assumes t ha t  hydrazine s u f f i c i e n t  
t o  reduce dl carbon dioxide i s  used, and t h a t  nitrogen te t roxide i s  
used t o  provide su f f i c i en t  malteup f o r  leaked oxygen, No combinatj.on 
of the two chemicals appears competitive, however, Two important 
conclusions, t o  be considered i n  the f i n a l  comparison, are  evident, 
F i r s t ,  the water-hydrazi-ne combination (H20-N2W4) i s  competilive a t  
higher leakage ra tes ,  Second, the  oxygen-hydrazine combinaLion 
( O ~ - - N ~ I - I ~  ) i s  competitive a t  higher leakage r a t e s ,  

, - Figure 11 shows an equivalent weight compa- 
r ison between the so l i d  e lec t ro ly te  baseline and the most competitive 
Sabat ier  concepts, The Sabatier  concepts are  not competitive at  very 
low leakage r a t e s  because excessive oxygen, i n  the form of oxygen or  
water, is needed t o  make up fo r  the  oqgen  l o s t  in the  dumped carbon 
dioxide, A t  increased leakage r a t e s ,  the Sabat ier  concepts become 
increasingly competitive, u n t i l  equivalent weight d i f ferences  a r e  no 
longer s ign i f ican t ,  To s e l e c t  a concept i n  t h i s  leakage range, a l l  
of the  AILSS se lec t ion  c r i t e r i a  must be considered, 

The AILSS Final Report showed tha t  the Sabatier-methane dump 
concept had superior absolute charac te r i s t i cs ,  I n  par t i cu la r ,  i t s  
a v a i l a b i l i t y  was exceptional. If hydrazine o r  anunonia decomposition 
i s  added t o  t h i s  concept, however, i t s  a v a i l a b i l i t y  i s  not near ly  a s  
good, because the process has not been developed f o r  l i f e  support 
application,  Consequently, absolute cha rac t e r i s t i c s  of Sabat ier  with 
hydrazine o r  ammonia decomposition a r e  considered roughly equivalent  
Lo those of s o l i d  e lec t ro ly te .  

The primary c r i t e r i a  a re  r e l i a b i l i t y ,  crew time, and equivalent  
weight, The so l i d  e l  ec t ro ly te  and Saba.tier-methane dump concepts 
had equal r e l i a b i l i t y  ra t ings ,  and although Sabat ier  had a d e f i n i t e  
advantage i n  crew time, i ts  equivalent weight w a s  excessive, The 
Sabat ier  versions considered here (with hydrazine or  ammonia decompo- 
s i t i o n )  require  somewhat more unscheduled crew time, but  they r e t a i n  
the  basic advantage because hanc?Jing of carbon-fi l led ca t a ly s t  ca r t r idges  
i s  not necessary, Inherent r e l i a b i l i t y  and equivalent weight are ,  there- 
fore ,  the key elements of t h i s  comparison, 

Equivalent weight was shorn i n  f igure  12, Figure 1 2  shows the 
influence of leakage r a t e  on MTBF (mean time between f a i l u r e s ) ,  a 
measure of inherent  r e l i a b i l i t y ,  h e  message impl ic i t  i n  these curves 



Figure 10, - Hydrazine Concepts 
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Figure 12. - Concept Inherent  Reliability 
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i s  t h a t  oxygen from a s to red  gas  supply i s  much more r e l i a b l e  than  
oxygen from e l e c t r o l y s i s  of s t o r e d  water,  A t  higher leakage r a t e s ,  
t he  Sa'batier-oxygen-hydrazine o r  ammonia curve i s  in termedia te  between 
t h e  o ther  two, because t h e  only incremental water e l e c t r o l y s i s  i s  tha.t 
requi red  by the  i n e f f i c i e n c y  of t h e  hydrogen separa tor  (unsepara.ted 
hydrogen i s  oxidized t o  water) ,  

Considering both equivalent  weight and inhe ren t  r e%i  a b i l i  t y  
( f i g u r e s  13. and 12), equivalent  weight of  the  Sabakier-water-hydra- 
z i n e  concept becomes f u l l y  competi t ive a t  a leakage r a t e  of seven 
pounds p e r  day, bu t  i t s  f a i l u r e  r a t e  becomes excessive ( the  MTBF of 
3000 rep resen t s  four  f a i l u r e s  during the average mission) a t  f i v e  
pounds pe r  day, A t  a s l i .ght ly  lower leakage r a t e ,  about t h r e e  pounds 
per day, t h i s  concept has higher  equivalent  weight than s o l i d  e l e c t r o -  
l y t e ,  but  lower crew time, It i s  i n  t h i s  na.rrow leakage range (about  
t h r e e  t o  f i v e  pounds p e r  day) tha.t t h e  Sabatier-hydrazine-water concept 
i s  most competitive, but  both i t s  absolu te  c r i t e r i a  and i t s  secondary 
c r i t e r i a  ( e spec ia l ly  i n t e r f a c e  complexity and f l e x i b i l i t y )  a r e  considered 
s l i g h t l y  i n f e r i o r  t o  those of s o l i d  e l e c t r o l y t e ,  I n  summary, the  
Saba.tier-water-hydrazine concept i s  n o t  considered f u r t h e r ,  because a.t 
any leakage r a t e  e i t h e r  i t s  equivalent  weight i s  too high o r  i t s  r e l i a -  
b i l i t y  i s  too low, 

This l eaves  the  Saba.tier-oxygen- 
be  examined i n  a s i m i l a r  manner, Thei 
competi t ive a t  leakage r a t e s  of  1 2  poun 
and l b  pounds p e r  day f o r  the hydrazine 
a b l e  up t o  a leakage r a t e  of about 70 po 
reasonable leakage r a t e s ,  t h e  Sabat ie r -  
oxygen and hydrazine o r  anqonia decompo 
wi th  more than 1 2  pounds p e r  day leakag 
time c h a r a c t e r i s t i c s .  S o l i d  e l e c t r o l y t e ,  wi th  oxygen and n i t rogen  s torage ,  
remains the  b e s t  choice f o r  lower leakage r a t e s ,  where it has  f a r  lower 
equivalent  weight, Absolute equivalent  weights of the  seleC t e d  system 
concepts a r e  shown i n  f i g u r e  13, md t a b l e  2 shows an evalua t ion  su:mnary 
based on the  AILS3 t rade-off  c r i t e r i a ,  f o r  both t h e  o r i g i n a l  low-leakage 
AILSS and a high-1ealtage-rate (12 t o  70 pcunds per  day) AILSS, 
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Al'bIOSPHERIC COlTTAMINATION CCNTROL 

The AILSS atmospheric contamination control  subsystem i s  designed 
f o r  zero leakage, regardless of ac tua l  leakage. Vehicle leakage would 
carry  a port ion of the  contaminants overboard. This would keep the 
contaminants a t  lower concentrations than anticipated,  resu l t ing  i n  
an added sa fe ty  margin. Even i f  the overa l l  system were designed f o r  
a spec i f i c  leakage r a t e ,  ac tual  leakage would undoubtedly be lower, 
necess i ta t ing a zero leakage contaminant control  design. 

Forcing the  actual  leakage r a t e  t o  equal the design ra te  (by 
continuous addit ion of s tored oxygen and nitrogen t o  the  cabin atmos- 
phere) i s  unreasonable, because t he  unused expendables would provide 
insurance against  a sudden, high-rate leak. Nevertheless, i f  a 
spec i f i c  leakage r a t e  were assured, the  contaminant control  subsystem 
equivalent weight could be reduced. This reduction would r e s u l t  from 
the f a c t  t h a t  process flow r a t e s  through the  sorbent bed and ca t a ly t i c  
oxidizer could be decreased by an amount equal t o  the leakage ra te .  
Tha,t is, a contaminant i s  removed j u s t  a s  surely  by leakage as  by 
sorption o r  c a t a ly t i c  oxidation. Thus, a leakage r a t e  of 160 pounds 
per  day would elimina-te the need f o r  a c a t a l y t i c  oxidizer,  while a much 
higher r a t e  would be necessary t o  el iminate the  need fo r  ammonia control. 
The influence of assured leakage on t r ace  gas control  subsystems 
equivalent weight is  shown i n  f igure  14. In  conclusion, use of the AILSS 
t r ace  contaminant control  subsystem, as  uescribed i n  the  f i n a l  report ,  
is recommended f o r  any reasonable leakage rat 



/ O  2 0  
L E A K A C E  RA PEP POUML7.S- PER DAY 
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WATER iXA NAG Ebff3NT 

Vapor diffusion~compression ( so l a r  c e l l  design) and vapor d i  ffu- 
s ion ( so l a r  cell- isotope and Brayton cycle designs) relnain the bes t  
se lect ions  f o r  water recovery, regardless of leakage ra te .  A 1  though 
a c r ed i t  f o r  recovery of ex t ra  water can r e su l t  i n  se lec t ion  of Vne 
closed cycle a i r  evaporation concept f o r  the  water management sub- 
system a t  some l e a k q e  ra tes ,  system considerations show tha t  such 
a c r ed i t  nay not be relevant from the system-level viewpoint. 

The se lected vapor diffusion concepts recover notable water from 
the contaminated water t o  a point  where res idual  unrecovered water 
represents a l o s s  of 1.53 pounds of wa.ter per day. This water i s  not 
needed to  achieve s a t i s f ac to ry  AILSS water balance, Yowever, i f  
leakage r a t e  were more than one pound per  day, e l ec t ro ly s i s  of t h i s  
res idual  water t o  provide ~ a k e u p  oxygen would be valuable. The a i r  
evaporation concept can recover nearly a l l  of t h i s  residual  water 
( t h a t  i s ,  a i r  evaporation leaves p r ac t i c a l l y  no res idual  water) and, 
on a subsystem basis,  was given a c r ed i t  f o r  i t  based on contained 
oxygen. Figure 14 r e f l e c t s  this apparent c red i t ,  which reaches a 
maximum of about 1300 pounds a.t a leakage ra te  of about three pounds 
per day. For b e t t e r  perspective, the equivalent weights shown i n  
f igure  14 include the weight of s tored oxygen f o r  leakage makeup; t h a t  
is, oxygen for  lealcage makeup i s  shown as  a deb i t  t o  vapor d i f fus ion  
ra ther  than a c r e d i t  t o  a i r  evaporation. Figure 15 i s  consis tent  with 
the AILSS assumption of 95 percent water recovery capab i l i ty  f o r  the  
vapor di f fus ion concepts, although recent development t e s t s  show tha.t 
98 percent eff ic iency i s  at tainable.  Despite the  superior absolute 
charac te r i s t i cs  (par t i cu la r ly  sa fe ty )  of the va.por di f fus ion concepts, 
the closed a i r  evaporation c o n c e ~ t  is highly competitive a t  leakage 
r a t e s  above 2.5 pounds per day. 

Nevertheless, the  residual  water i n  question can a lso  be recovered 
i n  the waste control  subs;ystem, and there are  several  reasons f o r  
preferr ing t h a t  approach. F i r s t  it permits the use of vapor d i f fus ion  
with i t s  inherent  bac t e r i a  control  chara.c t e r i s t i c s .  Second, required 
modification of the  waste control  subsystem i s  r e l a t i ve ly  minor. Third, 
i f  recovery of res idual  water i s  necessary, then recovery of water from 
food wastes i s  probably desirable,  and this must he done i n  the waste 
control  subsystem anyway. This topic  is  discussed fu r ther  i n  the  next 
section. 



Figure 15. - Water %clamation 
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WASTE CONTROL 

Waste mater ia ls  contain water from three  sources, l i s t e d  below: 

Water management residuum 1.53 lb/day 
Food wastes 1.29 
Feces 2 . 25 

The fecal  water, however, is  considered unrecoverable, because i t  may 
contain clostr idium botulinum spores which could re lease  l e t h a l  toxin 
i f  recovery of t h i s  water were attempted (nevertheless, use of recovered 
f eca l  water f o r  e l ec t ro ly s i s  might be safe) .  For a leakage r a t e  of f i v e  
pounds per  day o r  more, recovery of a l l  water i n  food and water manage- 
ment wastes would obviate the  need t o  s t o r e  1300 pounds of oxygen f o r  
leakage makeup. 

The penalty f o r  achieving t h i s  saving is approximately 300 pounds, 
which is  l e s s  than the weight of t he  eliminated oxygen tank. There- 
fo re ,  the ne t  saving f o r  recovery of t h i s  waste water is over 1300 
pounds, which is  well  worthwhile. Figure 16 shows the  weight saving 
f o r  various 1ea.kage ra tes .  Equipment added t o  the.AILSS se lec ted  vacuum 
decomposition concept t o  achieve the  indicated savings would cons i s t  
of a condenser-separator, a water l i ne ,  and associated valves, a s  shown 
i n  f igure  17. The condenser-separator could be eliminated by d i rec t ing  
t he  va.cuum pump e f f l uen t  t o  the  cabin humidity control equipment. A 

ge of crew routine would a l s o  be necessary. 
management residuum would be emptied i n to  a s t e r i l e  waste co l l ec to r  
t h a t  had completed the vacuum decomposition port ion of t he  cycle. These 
wastes would then be heated moderately, and the resul t ing water vapor 
would be removed by the  vacuum pump. The waste co l lec to r  would then be 
used f o r  normal f eca l  co l lec t ion  and processing, as  described i n  the  
AILSS Final Report, 



Figure 16, -. Waste Water Recovery 
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OTHER SUBSYSTENS 

The remaining subsystems a r e  influenced by vehicle leakage i n  a 
minor way o r  not  a t  all ,  as  discussed below. 

Pressure and Composition Control 

The pressure and composition control  subsystem i s  influenced by 
Peakage r a t e  i n  t h a t  increased leakage r a t e  requires  the  subsystem 
t o  handle higher gas flows, However, the weight increase i s  small, 
and the  subsystem function i s  unchanged, so that  this subsystem is 
e s sen t i a l l y  unchanged fo r  higher leakage ra tes .  

Water E lec t ro lys i s  

The AILSS does no t  include an e l ec t ro ly s i s  subsystem, If leakage 
r a t e  were such t h a t  a Sabatier  concept were used f o r  carbon dioxide 
reduction, however, an e l ec t ro ly s i s  subsystem would be required. 
Character is t ics  of the  gas c i rcu la t ion  e l ec t ro ly s i s  concept me espe- 
c i a l l y  su i tab le  over a wide range of oxygen generation ra tes ,  and t h i s  
approach would, t h  

w s  t h e  e f f e c t  of 
of a gas c i rcua l t ion  e l ec t ro ly s i s  subsystem, Equivalent weight cannot 
be r e l a t ed  d i r ec t l y  t o  vehicle leakage without assuming a spec i f i c  
Sabat ier  concept. This consideration was included i n  the foregoing oxygen 
generation study. High f a i l u r e  r a t e  becomes a problem a s  Leakage increases, 
i f  the  e l ec t ro ly s i s  un i t  i s  used f o r  oxygen leakage makeup, 

C02 Removal and Concentration 

In theory, increasing vehicle leakage removes an increasing quanti ty 
of carbon dioxide from the cabin ahnosphere, reducing the  load on the 
carbon dioxide concentrator, However, t h i s  reduction is very small. 
Even a t  a leakage r a t e  of 30 pounds per day, it amounts t o  only about 
three  percent. Leakage of carbon dioxide from the  spacecraft  system 
represents an oxygen l o s s  equal t o  about three percent of t he  oxygen 
leakage loss .  Thus, increasing leakage reduces the  required s i z e  of the  
carbon dioxide concentrator, but  t o  a very small degree, 



Figure 18. - Water ElecLroPysis 
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Thermal Control 

The e f f ec t s  of leakage on t h i s  subsystem are  s i m i l a r  t o  those 
jus t  described f o r  carbon dioxide. That is, increasing leakage removes 
an increasing quantity of water vapor from the  cabin at%osphere, 
reducing the load on t he  humidity control  equipment. However, this 
reduction is negligible.  Lea.lta.ge of water vapor from the spacecraf t  
system represents an oxygen l o s s  equal to about three  percent of the  
oxygen leak age loss .  

Crew Provisions 

Leakage r a t e  does not influence crew provisions, However, changes 
i n  the crew provisions could a f f e c t  the overal l  oxygen-water balance, 
possibly reducing the a f f e c t  of leakage on other  subsystems, Specifi-  
ca l ly ,  e x t r a  water could be introduced i n t o  t he  total. system by two 
concept changes. One such change would be use of "cannedtt o r  frozen 
food, which contains considerable water, Another change would be use 
of prewetted wipes f o r  whole body cleaning. Thus, these p o s s i b i l i t i e s  
axe e s sen t i a l l y  an d t e r n a t i v e  means of s tor ing water. However, the  
oxygen generation sect ion of t h i s  repor t  has already showed t h a t  
e lec t ro lys i s  of s to red  water f o r  leakage makeup i s  undesirable because 
of i t s  low inherent  r e l i a b i l i t y ,  Thus, these changes i n  crew provisions 
are an u n r e a l i s t i c  means of oxygen supply f o r  the  AILSS, and the  crew 
provisions subsys tern would remain unchanged a t  higher leakage r a t e s ,  

Instrumentation and Control 

This subsystem is not influenced by leakage d i r ec t l y  but depends 
on changes in the  other  subsystems, These changes have already been 
discussed, and the instrumentation and control  equipment would change 
accordingly, 



CONCLJSION 

A s  a r e s u l t  of this study, it is  concluded t h a t  the Advanced 
Integrated Li fe  Support System, a t  a cabin pressure of 7,0 psia,  
should remain e s sen t i a l l y  t h e  same f o r  any AILSS mission with a cabin 
leakage r a t e  between zero and 12 pounds per  day, The only desi rable  
change i n  t h i s  leakage range i s  modification of the waste control  
subsystem to recover water from the waste management residuun and 
food wastes a t  leakage r a t e s  above +proximately f i v e  pounds per  day, 
This modification of the AILSS selected vacuum decomposition concept 
i s  r e l a t i ve ly  minor. 

A t  cabin leakage r a t e s  above 12 pounds per day, chemical ( N ~ I I L  
o r  1?H3) storage of nitrogen, i n  combination with gaseous oxygen 
storage and a Sabatier-methane dump concept f o r  oxygen generation, is  
very competitive on an equivalent weight bas i s  with the AILSS selected 
oxygen and nitrogen gaseous storage-solid e lec t ro ly te  subsystem, 
Because the  scheduled crew time f o r  the Sabatier  concept i s  appreciably 
l e s s  than f o r  the so l i d  e lec t ro ly te  concept, it i s  se lected f o r  leakage 
r a t e s  above 12 pounds per  day. 

These conclusions are i l l u s t r a t e d  i n  the following table :  

Conclusions would be d i f f e r en t  f o r  e a r l i e r  missions o r  f o r  an 
in tegrated l i f e  sup7ort-propulsion system, For pre-AILSS missions 
where so l i d  e l ec t ro ly t e  would not be completel-y d.eveloped, t he  Bosch 
concept would be selected i n  the  satne leakage range as t he  so l i d  



e lec t ro ly te ,  That is, t h i s  study is  va l i d  f o r  an ea r ly  mission i f  
18Boschw is subst i tu ted f o r  "sol id  e lect rolyte" .  I f  methane from the 
Sabatier-methane dump concept were used a t  low penalty f o r  vehic le  
propulsion (minor course corrections),  a l l  versions of t h i s  Sabat ier  
concept would tend t o  be more a t t r ac t i ve .  On the other  hand, a 
technical  breakthrough resu l t ing  i n  s i gn i f i c an t  reductions i n  tank 
weight f o r  high pressure gaseous nitrogen storage would tend t o  make 
s o l i d  e lec t ro ly te  (with gaseous oxygen and nitrogen s torage)  more 
a t t r a c t i v e ,  

The influence of o ther  parameters on the impact of vehic le  
leakage i s  covered i n  the  appendix. 



APPENDIX 

This appendix to the Impact of Vehicle Leakage Study Report 
considers the e f f e c t s  of varying other parameters, as well a s  cabin 
leakage, on oxygen generation, which is  the  subsystem most affectedo 
The parameters Lo be considered are the following: 

. Mission duration 

. Crew s i ze  i n  terms of 

Metabolic oxygen consumption r a t e  
Metabolic carbon dioxide generation r a t e  

. Excess water r a t e  

Cabin t o t a l  pressure 

Following a general discussion of each of these parameters, they a re  
t i e d  together i n  the form of equations resu l t ing  from a generalized 
materials  balance, 

Mission Duration 

eakage ra te ,  inc reas i  
expendables weight but  does not  increase (except f o r  spares)  the  
basic  oxygen generation equivalent weight (hardware, power equivalent, 
and heat re jec t ion  equivalent),  Thus, a t  any leakage ra te ,  a longer 
mission w i l l  increase  the importance of t he  type of expendables, which 
comprise a l a r g e r  f r ac t i on  of the t o t a l  equivalent weight. This tends 
t o  augment the a t t rac t iveness  of some Sabatier-methane dump concepts, 

Crew Size 

The major influence of changing crew s i ze  on the oxygen generation 
subsystem i s  the  corresponding increase i n  oxygen consumption r a t e  and 
carbon dioxide generation ra te .  Increasing crew s i z e  has exact ly  the  
opposite e f f e c t  a s  increasing mission duration, which was jus t  described, 
The increased oxygen consumption is  balanced by increased carbon dioxide 
generation, except when carbon dioxide is p a r t i a l l y  dumped, When t h i s  
occurs, more expendables are required f o r  the  Sabatier  concepts, which 
therefore become l e s s  a t t rac t ive .  



Fhccess Water 

Excess water may be defined a s  water derived from s tored food 
l e s s  water l o s t  t o  space along with other  wastes. It i s  generally 
s m a l l  i n  magnitude and, therefore,  of l imi ted importance i n  t h e  
materials  balance, Increasing excess water r a t e  decreases the need 
f o r  s tored oxygen or oxygen-containing chemical, 

Cabin Total Pressure 

Variation of t o t a l  cabin pressure i s  of specia l  in te res t ,  
because the  AILSS design pressure range was 7.0 t o  l4 ,7  psia,  although 
7 p s i a  was assuned t o  be the  nominal operating pressure. Oxygen 
generation concept comparison a t  7 ps i a  was discussed i n  d e t a i l  e a r l i e r  
i n  this report.  Figure 19 reviews some of these r e su l t s  and a lso  
indicates  corresponding r e s u l t s  a t  a cabin pressure of 14.7 ps ia ,  

The spec i f i c  conclusion implied is  t h a t  the minimum leakage r a t e  
a t  which the Sabatier-oxygen-hydrazine concept would be se lected i s  
sh i f t ed  toward a lower leakage r a t e ,  This s h i f t  occurs because a t  the 
higher t o t a l  pressure, the  leakage contains more nitrogen; t h i s  requires  
more hydrazine decomposi t ion,  which generates more hydro 
reduces nore carbon dioxide, increasing oxygen recovery 
and decreasing the  required weight of. s tored oxygen, An increase i n  
t o t a l  pressure a l so  tends t o  decrease r e l i a b i l i t y  of any hydrazine o r  
ammonia concept, because the  increased hydrazine decomposition r a t e  
increases the quant i ty  of water resul t ing from the hydrogen separator 
inefficiency; t h i s  requires addit ional  e l ec t ro ly s i s  modules, decreasing 
concept r e l i a b i l i t y ,  

General conclusions deduced f ron  f igure  18 are  t he  following : 

Total pressure has a s ign i f i c an t  e f f ec t  on oxyEen generation 
concept comparison r e s u l t s  only when the oxygen-containingfluid 

o r  the  nitrogen-containiri- fl n i d  (but  not both) contains hydrogen, 

2, For a concept where only the nitrogen-containing f l u i d  
contains hydrogen, increasing t o t a l  pressure a t  a given 
lealcage r a t e  decreases t o t a l  equivalent weight i f  some 
carbon dioxide i s  dumped at  the lower pressure, 



Figure 19, - Totr.1 Pressure Effee ts  
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3 e  For a concept  where only the n i t r o g e n - c o n l d n i ~  f l u i d  
con ta ins  hydsogen, i nc reas ing  leakage r a t e  decreases  
concept  r e l i aba l i t y ' ,  

be For a concept where only  the oxygen-containing f l u i d  
con ta ins  hydrogen, i nc reas ing  to ta l .  p r e s su re  a t  
a given leakage ra.te i nc reases  t o t a l  e q u i v a ~ e n t  weight 
i f  some carbon d ioxide  i s  dunped a t  t h e  h igher  p re s su re ,  

There a r e  t h r e e  b a s i c  reasons f o r  t hese  conclusions,  F i r s t ,  gaseous 
oxygen and n i t rogen  s to rage  p e n a l t i e s  a r e  n e a r l y  the same, so  t h a L  
the r a t i o  of oxygen Lo n i t rogen  leakage g e n e r a l l y  does n o t  have 
much e f f e c t ,  Second, &en the  ni t rogen-containing f l u i d  con ta ins  
hydrogen, higher  cabin  p re s su re  r e q u i r e s  more n i t r o g e n  makeup, 
r e s u l t i n g  i n  a lower s t o r e d  oxygen requirement,  a s  d i scussed  e a r l i e r ,  
Third, conversely,  when the  oxygen conta in ing  f l u i d  only con ta ins  
hydrogen, h ighe r  p re s su re  r e q u i r e s  l e s s  oxygen makeup, and l e s s  
carbon d ioxide  i s  reduced, r e s u l t i n g  i n  h igher  equiva1.ent weighte  

General ized m a t e r i a l s  balance equat ions  form a b a s i s  f o r  concept  
comparison f o r  n;issi.on condi t ions  d i f f e r e n t  from those  of t h e  AIESS, 
The expl-essions shown i n  t a b l e  3 d e f i n e  expendab1.e f l u i d  weights on lyo  
Hardware weight and power and h e a t  r e j e c t i o n  equ iva l en t  weights must 
be  added f o r  a v a l i d  comparison of t h e  total .  equ iva l en t  weights of t h e  
candida te  concepts  being considered,  

The m a t e r i a l s  balance t h a t  l e d  t o  t h e  generz l ized  express ions  
shorm i n  t a b l e  3 i s  discussed here,  I t  i s  convenient  t o  ma.ke t h e  
m a t e r i a l s  balance around t h e  equipment i n  which chemical reac-t;ions 
occur ,  This  equipment inc ludes  the  carbon dioxide reduct ion  u n i t ,  
t h e  water  e l e c t r o l y s i s  mit, and u n i t s  f o r  t he  decomposition of 
oxygen-containing and ni t rogen-csntajnbng c h e n ~ i c d ~ s ,  

Using t h i s  approach, equat ions  may be s e t  up f o r  Saba.tier--methane 
dump v e r s i o n s  as fol lows:  

Inpu t  t e r n s :  

Excess wa.ter = W 
Carbon d ioxide  = C 
Oxygen-conteining chemical = x 
Nitrogen-containing chemical = f (LN)  
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Output t e r n :  

Meta.bolic oxygen = M 
%gen leakage -- Lo 
Nitrogen leakage = 
Unreacted carbon dioxide y 
Methane = 0e36b ('2 - y) 

Some of these terms require explanation, of the  u n i t s  are pounds 
per day-, Excess water r e s u l t s  from a water bdanee  on the e n t i r e  
ECfiS system, It may be posi t ive ,  negative, o r  zero, and it i s  
generally e q u d  t o  water i n  the  food (including water formed by oxida- 
t i o n  of bound hydrogen i n  the food) l e s s  water l o s t  t o  space d o n g  
with various waste ma%er ids ,  The input r a t e  of the oxygen-containing 
chemical, x, is unknown, The input  r a t e  of the nitrogen-containing 
cbemicd, f (k ) ,  is  proportional t o  the nitrogen leakage ra te ,  with 
the  p ropo r t i ond i ty  constant  equa.1 to the  a;tomic weight of nitrregen 
i n  the  chemical divided by the molecular wei.ght of" the  chemical, The 
oxygen l e d a g e  i s  given by the approximate expression: LO = 8 ~ $ 1  
(7P B- PO)$ where Po is oxygen p a r t i a l  pressure, P i s  cabin t o t a l  
pressure, and % i s  to t21 cabin leakage r a t e ,  The corresponding 
expression fo r  nitrogen leakage r a t e  is: = (P-PO) %/(P 9 6,143 Pa). 
The carbon dioxide (unssaeted) output r a t e ,  y,  i s  unknown and, therefore,  
t he  dump r a t e  of methane formed by the reduction react ion must be 
expressed i n  terms of t h i s  mltnom, Os364 (c-y), 

Perfcmlng an oxygen and hydrogen balance based on the  l i s t e d  
input  and output term 
SimulLaneous solut ion 
expressions l i s t e d  e a r l i e r ,  

When both t he  oxgyen-containing f l u i d  end nitrogen-containiry; 
f l u i d  contain nitrogen, "ce r a t i o  of one f l u i d  to another is somewhat 
f l ex ib le ,  This is  why the  N ~ O L - N ~ H ~  concept, which is  a good example, 
is not  included i n  t ab l e  2, To i l l u s t r a t e  the  f l e x i b i l i t y  charac te r i s t i c ,  
a t  zero leakage metabolic oxygen may be supplied e i t he r  by decomposition 
of N2Q4 o r  by reduction of carbon dioxide with hydrogen from the  decompo- 
s i t i o n  sf N2H4,  I t  may be demonstrated, however, t ha t  minimizing M204 
usage minimizes system weight. With t h i s  bas is ,  a materials  b d m c e  
may be obtained, The r e s u l t s  are  as follow: 

NZHb = (0,7276 -. 0,8891~) D pounds 

whichever i s  grea te r ,  A l l  carbon dioxide is  reduced, regardless of 
leakage ra te ,  



Expendables Storage Weight Factors 
Q 

The following tab le  shows the storage peneilties used i n  t h i s  
study, They are consistent  with those used i n  Lhe AILSS Fina l  
Report and r e f l e e t  projected 1980 technology, The factors are i n  
the  form: 

Expendable f l u i d  weight 

Where a.pp%icable, they include a f l u i d  decomposition penaltye 

These spec i f ic  weights show the po t en t i a l  advantage of s tor ing oxygen, 
nitrogen, avld hydrogen in chemical f o m ,  


